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FOREWORD

This report was prepared under the terms of Contract No. AF 33(616)-6763,
Project No. 7222, "Biophysics of Flight,' and Task No. 722204, "Human Thermal
Stress.'" The study was initiated by the Biomedical Laboratory of the 6570th Aero-
space Medical Research Laboratories, Aerospace Medical Division, Air Force
Systems Command, Wright-Patterson Air Force Base, Ohio. William C. Kaufman,
Major, USAF, was contract monitor for the Biothermal Section, Biophysics Branch,
Biomedical Laboratory. The research was carried out in the Biotechnology Lab-
oratory of the Department of Engineering, University of California, Los Angeles,
during the period of August 1961 through November 1961. C. Martin Duke is
Chairman of the Department of Engineering and P. F. O'Brien acts as his repre-
sentative for research activities. John Lyman is project leader for research under
the above contract.

The authors wish to thank Robert Nieman and Frank Frohman for their coopera-
tion as experimental subjects. We would also like to acknowledge the excellent
assistance rendered by John Bott and Frank Frohman during the data reduction process.



ABSTRACT

The relative contributions of local and peripheral control of sweating were
investigated by subjecting the left arms of two subjects to a different environ-
mental temperature than the rest of the body. The effect of the above conditions
on the cooling power of the arm was also studied.

Arm water loss was found to be a function of the temperature of the arm's
environment, as well as a function of the temperature of the body's environment.
Maximum arm heat loss tends to occur when arm environment temperature equals
body environment temperature, though in the cases where unusually high sweat
rates for high arm environmental air temperatures were exhibited the general relation-
ship was not reliable. Also, evidence is offered in support of the need for further
experimentation in order to determine the effects of subject acclimatization and
emotional sweating on the present results.

PUBLICATION REVIEW
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Colonel, USAF, MC
Chief, Biomedical Laboratory

iii




TABLE OF CONTENTS

INTRODUCTION .
EXPERIMENTAL DESIGN.

EXPERIMENTAL APPARATUS
A. Environmental Room. . .

B. Arm Chamber and Associated Apparatus .

EXPERIMENTAL MEASUREMENTS .
A. Arm Water Loss
B. Arm Heat Flow . . .
C. Physiological Measurements .
D. Experimental Conditions .

SUBJECTS AND EXPERIMENTAL PROCEDURE
A. Subjects .
B. Preliminary Procedure
C. Experimental Period

DATA REDUCTION . .
A. Arm Heat Flow . . .
B. Physiological Measurements .
RESULTS AND DISCUSSION .
A. Arm Water Loss
B. Arm Heat Loss .
C. Time Plots .
CONCLUSIONS . . . . . « v v « « « .

REFERENCES

iv

Bl K B i s R s ¢ e s

Page

DD > NN

o0 0O =) =)

O o ®

10
10
18
24

25

217




Figure

D b W N

10

11

12

13

14

15

16
17

18

19

20

LIST OF FIGURES

Environmental Conditions .

Layout of the Environmental Room .
Arm Chamber and Associated Apparatus
Heat Flows and Thermocouple Locations

Arm Water Loss as Function of Room Air Temperature
and Arm Chamber Inlet Air Temperature - Subject FF .

Arm Water Loss as a Function of Room Air and Arm
Chamber Inlet Air Temperature - Subject RN .

Arm Water Loss as a Function of Ear Temperature
for Subject FF .

Arm Water Loss as a Function of Ear Temperature
for Subject RN .

Arm Water Loss as a Function of Rectal Temperature
for Subject FF .

Arm Water Loss as a Function of Rectal Temperature
for Subject RN .

Ear Temperature as a Function of Room Temperature
and Arm Chamber Inlet Air Temperature .

Rectal Temperature as a Function Room Temperature
and Arm Chamber Inlet Air Temperature .

Arm Water Loss as a Function of Arm Skin and
Body Skin Temperatures - Subject FF

Arm Water Loss as a Function of Arm Skin and
Body Skin Temperatures - Subject RN

Mean Arm Skin Temperatures as a Function of
Arm Chamber Inlet Air Temperature

Arm Heat Loss as a Function of Room Air Temperature .

Arm Heat Loss as a Function of Arm Chamber
Inlet Air Temperature . . . . . . . . . .

Dynamic Response of Tympanic Membrane Temperature
(Te) for Subject RN, RunNo. 12 . . . . . . . . .

Dynamic Response of Tympanic Membrane Temperature
(Te) for Subject RN, Run No. 16

Dynamic Response of Tympanic Membrane Temperature
(Te)forSubjectRN, RunNo. 7 . . . . . .+ ¢« ..

11

11

12

12

13

13

14

14

16

16

18
21

22

23

23

23




qwall

SYMBOLS
Definition

Arm chamber volume air flow

Heat per unit time added to the air
Arm heat flow

Heat flow through arm chamber wall

Heat per pound of dry air added to the air

Time average of arm chamber inlet
air temperature

Mean Tac for a group of runs
Time average arm chamber outlet
air temperature

Time average of tympanic membrane
temperature

Time average of rectal temperature

Time average of environmental room
temperature
Mean T for a group of runs
rm
Time average of mean left arm
skin temperature

Time average of mean body skin
temperature

Arm water loss
Arm chamber inlet humidity

Arm chamber outlet humidity
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Units

Ft.3/min.
BTU/min.,

BTU/min.
BTU/min.
BTU/1b. of dry air

oF
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oF
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gm/hr,
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INTRODUCTION

The present study concerns the investigation of water and heat losses
of the arm when it is subjected to an environment different from that of the

rest of the body. The application of the results are twofold.

First, the experimental conditions used in this study are similar to
those experienced in ventilated suit problems (Skilling, 1955; Webb, 1956)
where the arms are unventilated. At high ambient temperatures the arms
experience a hotter environment than the ventilated body. This condition affects
the body' s thermoregulatory system in ways which are still open to conjecture.
Meehan and Jacobs (1957) have observed that hand cooling results in vasomotor
responses which are general throughout the body and vice versa. Although
their study concerns local cooling rather than local heating of the extremities,
it indicates that the body's total heat mechanism is affected by local inputs.
Therefore, depending on the effect of the arm's environment, it is possible
that either the present type of ventilating suits, such as the MA-2 ventilating
garment, provide maximum cooling power, or that by ventilating the arms,
significant increases in body cooling can be effected. This extra cooling, if
available, could be advantageous under conditions of high stress and heat loads
where man's thermal tolerance would be reached in a dangerously short period

of time.

Second, the design of this experiment allows the attainment of certain
information pertaining to the nature of the body's thermoregulatory system,
particularly the controversial subject of sweat control. Benzinger (1959) has
concluded from the results of ice water ingestion experiments that internal and
not cutaneous thermoception controls the sudomotor and vasomotor activities
of the body. Also, from the results of steady state resting and working experi-
ments, he has concluded that both sudomotor and vasomotor activities are
controlled by internal body temperatures while the skin temperature has only

a modifying effect on the cutaneous blood flow rate.

Belding and Hertig (1962) have recently shown through dynamic and

steady state results that surface skin and deep skin temperatures and tympanic




membrane temperature are all directly related to sweat rate. In an attempt to
stimulate either the peripheral or central thermal control mechanism independ-
ently of the other, as suggested by Benzinger (1961), Rawson and Randall (1961)
conducted experiments where the lower and upper halves of the subjects' bodies
could be exposed to different temperatures. From their results, Rawson and
Randall conclude that the sudomotor and vasomotor activation mechanisms can
operate in man independently of head blood temperature. They were not able
to indicate the relative amounts of peripheral and central control exerted, how-
ever, because the evidence of sweating was determined by the iodine-starch

paper technique.

The partitional calorimetry experiment of concern here corresponds to
Benzinger's requirement and gives at least some evidence of the relative effect

of peripheral and central inputs to the body's thermoregulatory system.
EXPERIMENTAL DESIGN

The experimental procedure was arranged so that both steady state and
transient response data could be acquired. The steady state conditions for each
run were specified as nominal room air and nominal arm chamber inlet air
temperatures. The room air velocity and humidity and the arm chamber inlet

air volume flow and humidity were held constant for all runs.

All nine possible combinations of the two sets of variable experimental

conditions, as shown in Figure 1, were run on each of two subjects.
EXPERIMENTAL APPARATUS
A. Environmental Room

The environmental room provided the environment for the body of the
subject, exclusive of his left arm. The layout of the room and the position of
the subject during the experimental runs are illustrated in Figure 2. The air
conditioning apparatus associated with the environmental room included a blower,
refrigeration unit, heaters, and a humidity-controlled steam valve. The room
air flow was provided by the blower. The position of the inlet and outlet ducts

were as shown in Figure 2. It should be noted that the position of the room
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inlet duct was altered for the different room temperatures, being near the
ceiling during runs where the room temperature was below the ambient labora-
tory temperature and ducted near the floor for room temperatures above the
laboratory temperature. In this manner the variation of room temperature

from floor to ceiling was held to within * 1°F,

The room humidity was controlled by first cooling the recirculating
room air to a temperature below that of the wet bulb temperature correspond-
ing to the desired humidity, then adjusting the humidity by injecting controlled
amounts of steam into the inlet air duct. The desired room temperature was
set by adding enough energy to the air with electrical resistance heaters to

raise the air temperature to the desired level.

Two deficiencies were encountered in the above temperature and humid-
ity control system. During the cold runs (room temperature 69°F.) the steam
valve control system operated erratically, usually resulting in a somewhat
lower room humidity than the set design constant (10 mm Hg.). During the
hot runs (room temperature 104°F) the cooling power of the refrigeration unit
was not great enough to completely remove the excess water vapor above
10 mm Hg. vapor pressure. This resulted in a higher humidity than was de-

sired.
B. Arm Chamber and Associated Apparatus

The arm chamber provided the environment for the left arm of the sub-
ject. The layout of the arm chamber and associated apparatus are schematic-
ally illustrated in Figure 3. The design and function of the arm chamber is

essentially the same as described by Hale (1960) with the following alterations:
1. Heat exchanger

This unit, used to control the temperature of the arm chamber inlet
air, was converted from a variable flow-constant temperature control system,
to a constant flow-variable temperature system. A cooling cycle was also added
in order that arm chamber air temperatures below the room ambient tempera-
ture could be run.
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2. Air-flow measurement

A calibrated orifice meter and pressure gage were substituted for the
original calibrated velocity chamber and velocity probe, thus allowing a direct

measurement of the air volume flow to be made.
3. Arm chamber

In order to reduce the heat flow through the arm chamber wall it was
insulated with styrofoam. For the first seven runs a 4-inch thickness of styro-
foam was used. For the remainder of the runs the insulation thickness was
reduced and the arm chamber was enveloped with a plastic bag through which
air, at the temperature of the arm chamber air, was passed. The temperature
of this air was controlled with the aid of a vortex tube attached to a high-pressure
line located outside the environmental room. The air entered the room and
plastic bag through plastic hoses and was exhausted outside the room in the same

manner.




4. Humidity measurement

Connections were installed in the arm chamber air circuit, as illustrated
in Figure 3, so that an electronic hygrometer (Anonymous, 1950) could be
hooked in parallel with the air circuit. The hygrometer gave an instantaneous
measure of the arm chamber outlet humidity by maintaining a mirror surface
at the dew point temperature of the air passing through the apparatus. The
mirror temperature was measured with a copper-constantan thermocouple.
Since the inlet humidity was held constant, the hygrometer indirectly measured

instantaneous arm water loss.
EXPERIMENTAL MEASUREMENTS
A. Arm Water Loss

The arm water loss was measured in the manner described by Hale,
1960. Through various chamber calibrations the collection error was found to

be + .125 grams per hour.
B. Arm Heat Flow

In order to determine the heat flow from the subject's left arm it was
necessary to know the arm chamber air flow, the inlet and outlet air tempera-
tures and humidities, the temperature of the arm, and the temperature profile
of the arm chamber wall insulation. The air flow was measured with a cali-
brated orifice meter and pressure gage. The total error of this system was
found to be £ .03 ft3 per minute. The air temperatures, arm temperatures,
and insulation temperature profile were measured with iron-constantan thermo-
couples and recorded by a Brown automatic recording potentiometer with an
accuracy of + .5°F. The placement of the thermocouples is shown in Figure 3.
Inlet humidity was a set design constant. Outlet humidity was calculated from

the total arm water losg measurement,
C. Physiological Measurements

Physiological measurements included ear (tympanic membrane) and
rectal temperatures and body skin temperatures. The ear temperature was

measured in the manner described by Benzinger (1959) using a copper-constantan




thermocouple. The probability of contact between the ear thermocouple and
tympanic membrane was ascertained by pain sensation and the length to which
the thermocouple was inserted into the ear. The rectal temperature was
measured with a copper-constantan thermocouple inserted to a depth of 10 cm.
The thermocouple potentials were measured with a Leeds and Northrup K-2

potentiometer. The accuracy of this system was £ .5uv or t .02°F.

The skin temperature measurements consisted of the hand and fore-
arm tempeératures of the left arm in the arm chamber, and skin temperatures
of seven local areas of the body (Hale, et al, 1960). The temperatures were

recorded on a Brown recorder.
D. Experimental Conditions

The room temperature was measured with an iron-constantan thermo-
couple placed about a foot above the subject's thighs and a foot away from his
chest. One thermocouple was felt adequate for this measurement because of
the small temperature gradient (+ 1°F) existing from the floor to the ceiling.
The room humidity was measured with a wet bulb iron-constantan thermocouple
positioned as shown in Figure 2. The measurements were recorded on a Brown

recorder.

The arm chamber inlet air temperature was measured as described
in (B) of this section. The inlet humidity was set and controlled at the design

constant of 10 mm. Hg.
SUBJECTS AND EXPERIMENTAL PROCEDURE
A. Subjects

The two subjects were healthy male college students. Both received
physical exavainations before undergoing experimentation. Data relevant to
the subjects appears in Table 1.

TABLE 1
SUBJECT DATA

Arm Chamber De Bois Body Approx, Exposed
Air Velocity Surface Area Arm Surt,ce Area Approx. ;lnnd Area
) (1)

Subject Age(yrs.) Height (ft.) Weight(lbs.) ft./min, (1t.) (e
FF 20 5.8 140 6.3+£.2 19.1 .94 .49
RN 21 [} 160 6.3¢ .2 20.8 1.08 .45




B. Preliminary Procedure

The subjects reported to the laboratory at either 8:00a.m. or 1:00 p.m.
During the first few runs the subjects entered the chamber to undress, don the
body thermocouple harness, and insert the rectal probe and ear thermocouple.
For later runs an outside dressing room was provided so that the subject could
be instrumented before entering the room, thus allowing some transient re-

sponse data to be collected.
C. Experimental Period

Upon entering the chamber, the subject was seated in a reclining position
as illustrated in Figure 2. The arm thermocouples were placed on his left arm
and the arm inserted in the arm chamber. After this a waiting period of one
hour ensued in which the subject was allowed to come to thermal equilibrium.

During the second hour arm water loss was collected.

During the experimental period the ear and rectal temperatures were
measured every 1 to 5 minutes. The time increment was constant for a run but

variable from run to run.

The air flow of the arm chamber was monitored by the experimenter and

kept constant at the required experimental value during the run.
DATA REDUCTION
A. Arm Heat Flow

The arm heat flow was calculated assuming the system illustrated in

Figure 4 and using the heat balance equation,

% rm " %ir q'Wall )

where the positive direction of % rm and 9yall 27 indicated by the arrows in
Figure 4 and 9 18 positive for an increase in enthalpy. 9;y 18 computed
using the relation,

qair - 7FQ1-2 ' )




where F is the arm chamber air volume flow, v is the air density, and Q1-2

is the heat per pound of dry air added to the air. Q1-2 is given by the
relationship,

Ql-Z = (0,24 + .45W81)(Tao-Tai) + (Wsz-Wsl)(IOQZ.5-Tsa+0.45 Tao) (3)

(Jennings, 1958, pp. 69). *
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Uy V28 determined by multiplying the average wall temperature gradient by
a constant determined after several chamber calibrations. This constant was
actually found to be somewhat variable and could not be determined any closer
than £ 25%. However, since the term does not have a very large effect on the

total heat balance, the error was not regarded as serious enough to invalidate
the results.

B. Physiological Measurements

No reduction other than time averages was performed on the ear and

rectal thermocouple voltages. The mean body skin temperatures were obtained

%*
Jennings' notation has been changed to conform with the nomenclature in this
report.




numerically from the seven locally measured temperatures. The mean left
arm skin temperature was obtained from the two locally measured tempera-
tures. In some of the runs either the hand thermocouple or the forearm

thermocouple gave erroneous values, because of poor contact. Such values

were excluded from the averages.
RESULTS AND DISCUSSION
A. Arm Water Loss

In Figures 5 and 6, the average arm water loss is plotted as a function
of both average room air temperature and average arm chamber inlet air
temperature. The average was taken over the one-hour collection period.

The relationship between the variables in Figures 5(a) and 6(a) indicates that
arm water loss over the range studied increases at an increasing rate with

an increasing room air temperature. This was true even when the arm cham-
ber inlet air temperature was maintained at a constant value. Thus the above

results imply that some sort of central sweat control is in effect.

Figures 5(b) and 6(b) illustrate the manner in which arm water loss
was found to increase with an increasing arm chamber inlet air temperature,
holding the room air temperature constant. The results appear to indicate
either that local sweat control is in effect, or that the conditions applied to
the arm are indirectly affecting a central sweat control mechanism. The
latter supposition is not supported by Figures 7, 8, 9 and 10, however. In
these figures, water loss has been plotted as a function of average ear
(tympanic membrane) temperature and average rectal temperature. In these
graphs, the effect of the arm chamber inlet air temperature as a parameter
is illustrated. From the graphs it may be noted that for a constant rectal or
ear temperature, sweat rate increases with an increasing arm chamber inlet
air temperature. This result indicates that sweat rate is not strictly a func-
tion of deep body temperatures, but is also a function of the temperature of
the air around the arm. It may also be noted in Figures 11 and 12 that the ear
and rectal temperatures are relatively unaffected by changes in the arm

chamber temperature. Thus the arm conditions are seen as having a minimal

10
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effect on the deep body temperatures.

In Figures 13 and 14, arm water loss is related to both arm skin
temperature and body skin temperature. The data are tabulated in Table 2.
The relationship between arm skin temperature and water loss is not apparent
for either subject. The relationship between body skin temperature and arm
water loss for subject FF (Figure 13(b)) is similar to the relation reported
by Benzinger (1959) between total body skin temperature and water loss.
Figures 13 and 14 also show the effect of arm chamber inlet air temperature

as a parameter, higher air temperatures corresponding to higher water losses.

The relationship between body skin temperature and arm water loss
(Figure 14(b)) for subject RN is similar to that for FF except for the para-
doxically low skin temperatures exhibited during runs 11 and 17. The low
temperatures were probably brought about by the interaction of the effects of
different arm and body environments and are related in some way to the rela-
tively high arm water losses subject RN exhibited at high arm chamber air

temperatures.

Mean arm skin temperature is graphed as a function of average arm
chamber inlet air temperature in Figure 15. The effect of room air tempera-
ture is also illustrated. For subject FF (Figure 15), arm skin temperature
is noted to decrease with increasing room temperatures at Tai ~ 120°F.

This is caused by the increase in evaporative heat loss as increased room

temperatures produce more sweating.

It has been observed that changes in arm chamber inlet air tempera-
ture for a constant room temperature do not significantly affect deep body
temperatures, but have a pronounced effect on arm skin temperature and water
loss. From this evidence it follows that peripheral control of sweating is
probably a significant factor in the body's thermoregulatory system. However,
due to the inverse relationship between surface skin temperature and surround-
ing air for certain conditions (as shown in Figure 15) and also reported by
Benzinger (1959), it seems unlikely that superficial surface skin temperature

controls arm sweating to any degree. It is more likely that sweating is in

15
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FIGURE 15
part a direct function of deep skin temperatures as reported by Belding and
Hertig (1962), with the possibility of a direct effect of temperature level on the
sweat glands.

B. Arm Heat Loss

On the whole, the arm heat flow results were not as consistent or
meaningful as the water loss results. This was largely due to the error in
the qyall term of the heat balance (Equation (1)). The design of the arm
chamber was originally intended to limit the wall heat flow so that this term
would be negligible, but in the experiments the equipment did not meet this
requirement. In Table 3 the arm heat flows and their respective theoretical
maximum possible errors are tabulated for each run. (Equipment failure
resulted in the loss of the arm chamber outlet temperature record for run 7
so that heat flow could not be computed.) The data for computing the Uy

11
term of the heat balance for run 1 were not recorded, but since the conditions
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for this run were similar to those of run 2, and in that case qwa was rela-

11
tively small, it was possible to make a reasonable approximation for the term

in question.

In Figure 16 arm heat loss is shown as a function of room temperature.
In this figure the effect of convective heat loss suppression, due to high arm
chamber temperatures, is noted at low room temperatures. The sweat rates
produced by high room temperatures seem to offset the heat suppression some-
what. The arm heat loss for run 6 appears to be erroneous, considering that
low room and arm chamber air temperatures were involved. In Table 2 it is
noted that the arm chamber outlet temperature for this run was 5°F higher
than the other low arm chamber inlet temperature runs. No other explanation
than experimental error from an unknown source can be offered for this incon-

sistent result.

In Figure 17, where arm heat loss is plotted as a function of the arm
chamber inlet temperature, the effect of arm heat flow suppression at high
arm chamber temperatures is more clearly apparent. In the one case where
this suppression does not occur (run 17, subject RN) a relatively high sweat

rate is noted. It appears to offset the negative convective loss.

There is an inconsistency in Table 3 among the convective heat flows,
For runs 10 and 11, where the arm chamber inlet air temperature was
approximately 70°F the convective heat flow term is negative, apparently
indicating the arm is taking in heat. These results again must be attributed
to an unknown experimental error. The evaporative heat flows were directly
proportional to the corresponding water losses and are not illustrated. The
error in the convective heat flows was too large in most cases, and therefore
convective heat flow is not separately graphed. Heat flow as a function of ear
and rectal temperature was investigated but no functional relationships were

apparent on the basis of the available data.

For three cases (subject FF: T = 88°F and 103°F; subject RN:

Tom® 88CF) in Figure 19 maximum arm heat flow occurs at a temperature

20
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approximately equal to that of room temperature. For this condition, Hertzman
et al (1951) have determined the relative cooling power of different parts of the
body for air temperatures between 24° and 37°C. At 37°C the highest total

heat loss was recorded, and heat loss at this point was still increasing with

air temperature increases. At this point total arm minus hand heat loss
amounted to 7. 1% of total body heat loss, or about 8. 5% of the heat loss from

that portion of the body that is ventilated with present ventilating garments.

From the point of view of subject variability, run 17, subject RN is
interesting. As pointed out above, the sweat rate of RN in run 17 caused an
unusually high arm heat loss. In a previous series of unpublished runs,
another subject was noted to have unusually high sweat rates during high arm
chamber air temperature runs, even though room temperature was low. In
this case it was learned that the subject was conditioned to cold climates from
having served two winters in the Army in Korea. Subject RN of the present
series could offer no comparable explanation, however. Meehan and Jacobs
(1957) noted significant subject variability with respect to vasoconstrictor
response. The available evidence seems to indicate that the body's heat loss
mechanisms are significantly variable from individual to individual and that
the arms of some individuals may exhibit greater cooling power, especially
at higher ventilation air temperatures, than others. It is also possible that
the heat loss mechanisms of a person may be provoked into increased activity

by proper acclimatization.

It should be noted that the results presented in this report are not
entirely applicable to the ventilated suit problem because the roles of the three
heat loss mechanisms, evaporation, convection and radiation, are not identical
between nude exposures and ventilated suit experiments. Skilling, et al (1955)
noted that in the latter case a larger proportion of unevaporated perspiration

occurs than with corresponding nude exposures.
C. Time Plots

A characteristic of the biothermal regulatory system is suggested in
Figures 18 and 19 (subject RN). In these figures when Te dropped to a level
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of approximately 98. 0°F the temperature began to oscillate with an amplitude
of {°F and a period of 15 minutes. However, during run 7 (Figure 20, subject
RN) T, dropped to 97.78°F and leveled out, exhibiting no oscillations. No
oscillations were observed during any of the runs involving subject FF. An
adequate explanation for the observed results does not appear to be possible

without additional experimentation.

It was hoped at the outset of this experiment that similar cycling, if
manifested by the body's sweat control mechanism, would show up in the hygro-
meter records. However, during run 2 we noted that the record was dominated
by variations in sweat rate due to what apparently was emotional sweating
stimulated by equipment and other noises and movements of the experimenters.

It was not feasible, during this series of runs, to eliminate these sgtimuli.

Although nothing of quantitative value could be extracted from the data
in regards to possible emotional sweating, the above evidence does seem to
point toward an area of study in need of investigation since the significance
of this response as a heat loss mechanism, or interaction of this response with

thermoregulatory sweating, is not krown.
CONCLUSIONS

1. From the available evidence, peripheral sweat control appears to be
a significant factor in the human body's thermoregulatory system.

2. It appears unlikely that superficial skin temperature controls peripheral
sweating to any degree, but rather that the thermal condition of the sweat
glands themselves may be involved.

3. Arm heating and cooling, in the range of conditions studied in this
experiment, have minimal effects on deep body temperatures ('I‘e and Tr)'

4. Maximum arm heat loss tends to occur when the arm experiences the
same environmental temperature as the rest of the body; however, subject
variability with respect to sweating response offsets this result somewhat.

5. More experimentation is needed to determine the cooling power of the

arm for subjects with different levels of acclimatization.
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6... Additional experimentation is needed to quantitatively relate emotional
svwea.t response to psychological stress in the presence of thermoregulatory

svwea ting.

26




Lo

2e

3e

Le

Se

be

Teo

8e

Ye

10.

1.

REFERENCLES

Anonymous: Operating Principles and Design Data for an Improved Rlectronic Dew
Point Hygrometere. University of Chicago, Department of Meteorolosy Technical
Report, Chicago, February 1950,

Belding, HeSe and BeAes Hertig: "Sweating and Body Temperatures Following abrupt
Changes in Environmental Temperature.® Jo Appl. Physiole Vol. 17, p. 103, 1962,

Benzinger, TeHe: "On Physical Heat Regulation and the Sense of Temperature in
Mane." Proc, Nat, Acad, cie Vol 45, D 6[45. 1959.

Benzinger, TeHe: "The Human Thermostat." Scientific Americane Vole 204, pe 134,
1961,

Hale, FeCe: Evaporative Water loss of the Upper Extremity Amputee Stump. UCLA
Biotechnology Laboratory Technical Report Noe 3, Los Angeles, January 1960.

Cooper, Tes WeCe Randell and A.B. Hertzman: The Regional Rates of Cutaneous Heat

Ioss in the Environmental Tempergture Range: 24° - 38°C, AFTR 6680,
Part 4, WADC, Wright-Patterson AFB, Chio, December 1951,

Jennings, Be.He and SeRe Lewis: Air Conditioning and Refrigerstion. International
Textbook Coe, Scranton, Penne, 1958,

McCutchan, Jeo'Wo and JeDe Isherwoode Prediction of Thermal Tolerance “hen Using
an MA-2 Ventilatin rment with a Modified MK-IV Anti-Exposure Suit. /ADC
Technical Heport 59-326, Wrizht-Patterson »¥B, Chio, June 1959,

Meehan, JePs and Hel. Jacobs. Body Cocling and Hand Coolinge ASNE Paper Noe 57-0A-
344 American Society of Mechanical Engineers, New York, March 1957.

Rawson, ReOs and W.C. Randall. "Vascular and Sweating Responses to Regicnal Heating
of the Body Surfacee" Js Appl, Physiols Vole 16, pe 1006, 1961.

Sicillingy DeCey JoWe MeCutchan and CoLe Taylor: A Quantitative Investigation of

the MA-1l Ventilating Garment when Used with a kodified MK-IV Anti-Ixposure Suite
UCLA Department of Engineering Feport, los Angeles, December 1955

27




ey

QALASSVIONN N | QEISSVIONA N _

s nsax jJuasaxd ayy uo u:ﬁaoL
TeuOTIOW3 pue UOTIEZHEWTIDE }23{qnS JO 8309,
3y} SUTKIII}AP 0} ISPJIO U UOTIEIUIW L1AXD J9GIID
10} paau a3y} Jo yxoddns uy paJajjo 8§ dUIP
‘osty “arqeral jou sea dyysuoneras rerouald
PaNqIYxa axam saxnjeradurd) ITe [EJUIWUOITA
wre Y3y Jo038ajed Jeams Y3y A[rensnun 313y
sa5ed ay) ur y3noyy ‘aanjeradura) JUIWUOIIA
Apoqstenba aanjeraduia)l JUSWUOITAUD WIIE UM,

sjnsax juasazd ay) uo u:ﬁac.L

[EUOTIOWd puUE UOTIeZHEWITIOR J03[(qns Jo 830314
aY) JUTIIIIIP 0} I3PJIO Ut uoTIeuamTIAdXS J3YIIN])
JoJpaau ayj Jo 3xoddns uy palajjo sy aouaplad
‘osyv *ayqernad jou seam diysuoperal redauald oy
P3JIqIYxa axam sexnjeradwia) 1te 3:255.—3:4
wIe Y31y J03S83)el Jeams Y31y A[rensnun a1dys

. S1O 1] 1Ay .=>A
sased ayjur ydnoyy ‘aanjesaduway Eo&:?—?i

uorIdATIod VILSV UI °IA
uew Ay

SLO 1) TeAy ‘TIA
uondafIod VILSVY UI 1A

uewAry

i
|
|
|
|
|
|
|
|

Apoq stenba sanjeradwa) JUSUIUCITAUD WIIE USYM

o~

\ 9y} Jo axnjyexaduwal ay) jo .8305;

ol QJAIJISSVIONN

N0 0} SPUI) SSOT JEaY WIIE WNUWITXEP *JU!

*f PUB U3[IV "M "H ‘A IN520 0} SPUS) SSO] JBoY WIR WINWIXER *Judwf L PUB USTIY "M 'H A
‘nre) ‘sepoduy so -uoJI1AUS 8,£poq 2y} Jo axnjesadwias ay) Jo .5331 ‘Jey ‘seraduy soq -uoJtAUd 8,4poq ayj Jo w.:zu.uo.nﬁou 943 Jo uonoun
'-JIreD JO ANsaaatun AL BSE[[oM S ‘JUIWUOIIAUI 8,Wiay ‘ “JI[ED JO AJIsIaarun Al - ESE[[M ST ‘JUIWUOIIAUD §, U

\ ay} Jo aanjyesadwa) ay) Jo uOIUN

QaIdISSVIONN - _ ~- .
| e L
| amaissvionn Lo~ | QaIISSVIONN oo )~ _

_ v ¥9q 0] pUNO} SeM 8807 13)eM WITY v € 9 0} pUNOJ SEM SSO] I9JEM WIY
=~ *paIpn)s OsTE SeA WwIe 3Y) Jo Id = ‘partpn}s osTEe SeA LIE 3Y) JO .no-bL
_ £9L9 BuT[009 23 UO SUOTIIPUCD SAOQE 343 JO J00JJ3 YL £9L9 3ur7000 3y} UO SUOTITPUOD IAOQE Y3 JO J09JJ9
~(919)¢£d v 10U °INI -Apoq ays Jo }891 ay3 uey) sxnjeradwa) reyuawuog -(919)€€J Y I9BNUOD I -Apoq ay} Jo 1891 3y} ey) axnyeradway TeIu
Lzojeroqe] -TAUS JUBIIJNIP B 0) 8322(qns 2 Jo SwIE JJaf 3y} Bu A103R10qR] -TAUD JUBIIJJIP €0} 8)3(qNS g Jo sTIE 1JI 3
_ Teswpawiorg I -19a(qns Aqpajedrigaaur aaam Sutjeams Jo —ob:onu fedwpaworyg ‘NI -103(qns £qpajednsaauy axam Surjeass Jo joxjuo
$0222L ASEL Texaydrrad pue 2207 JO SUOTINQIIIU0D SANEIIT Y], $0222L AseL

‘zezL yoloag OsdV

i ‘zezl 109foag DsdV I

Tetaydizad pue (€907 JO SUOTINGLIIUCD JARELAL o...J

j10dag payjrsseroun

(uewny) jaodaa paryisseroun) , (uewny) .
_ uonensay Tewaayy, °g *8Jaa [1 ‘snqt ‘[our ‘-dd 1z + 14 UonEINday rewrsayy °g *§Jox [T ‘-snqyr crour ‘°dd g + -b_
sajey Jeamg ‘p | ‘29 AON “Wodar reurd "SNOILIANOD J<§&H=.r_ sajey Jeamg ‘p | ‘29 AN ‘1rodax reuwrd °SNOILIANOD TVNHIHL
_ JesHy ‘¢ Xdod ANV WYV 3LVHVdSId ¥YIaNN SASSO" Jedq ‘¢ Xdod ANV WYV dLVUVdSId HIANN wé
(uewngy) YILVM WYV “1£1-29-4AL-TUNV °ON Wy (uewng) HIALVM WYV "1€1-29-UAL-TUNV ON
_ ssaxjg TewIayy °Z oIy ‘ddv uosioned-udrim ‘satrojeroqery §8313g TewIdyy ‘¢ ‘oo ‘gd v uosIaned-judraim ‘sarrojer
: ASotorsiyg 1 yoxeasay [edpajy aoedsolay YIOLSY £3o10154Yq °1 _ Uoaeasay [earpap aoedsoray qIOLS
“ N ‘UOTSTAY] TEITPIW ddedsoray PR ‘uoYSTAYJ TeIPIW 37eds0Idy,
QILAISSVIONN \_ | QII4ISSVTONN \_ _

PR




mr e

JIATAISSV'IONN

SLO 1) teAy
UOTIOITIO0? VILSV Ul
uewAry

|
|
|
|
|

*Jre) ‘seoralduy sorg
‘*Jre) jo Ayrsaaarun

| QAAISSVIONN

QITJIISSVTIONN

-(919)€€d V I0BIUOD
L1ojeroqe]
Teopaworg
0222l MseL

‘222L ¥9loag Dsdv
(uewng)

uoyemn3ay yewIay L
sajey yeamg

JeaH

(uewny)

SSaI1)g TEWLIdY],
A3oro1sdAyg

|
| £9L9
|

QIALAISSVIONN

|

|

|

“
nAwn

T puBulY ‘MY

TA
TA

S
i 4
‘¢

c
‘1

P _ dITJISSVIONNA
/ i
|

|

s)nsal juasaxd ay) uo Supjeomsd
TEUOTIOW? PUE UOTIRZTJEWTIOE J02{qNS JO 8323))9
) SUTWII}3P 0} I3PJO U1 UoTIejuUadW TIadXd JaylIn
J0Jpaau ayj jo 3xoddns ut paxajjo sy oo:oEL
‘osyty -arqenaJjou sem diysuoneras resauad ayy
pajIqIyxa a1om sornjezadwa) I1e —Sceﬁcoug._u
wae Y31y Io0)sajed yeams y3ry A[rensnun azay SLO 1) TeAY °‘NIA
sasedayjur ydnoy; ‘aanjeradwady acoﬁcou?i UoT3o0911092 VILSV UI °IA
Apoq stenba sanjeraduwa) JUSWIUOITAUD WIE UIYM uew 41
INJ00 0} SPUS) SSO JESY WIIE WNWIXE ‘Juswl L PUB USTIYV "M'H “A
-uoataua s,£poq ayj Jo aanyexaduia) oyj jo :ozo_:u ..Euo ‘sataduy soy
eSE[[oM SE ‘JUaWUCITAUd 8wy ‘' JIeD JO ANSIdATUN Al
ay3 Jo saanjeradwa} ayj Jo UotjouNn)

-303[qns £q pajedrysasur axam 3uryeams Jo 01Uy Teopaworg ‘NI
Tesaydraad pue [£00] JO SUOTINQIIIU0D IATIETII YL $0222L AselL
| ‘zzeL y99loag OsdvV

j10dax parfisseroun , (vewny)

‘1

*gjox 1 ‘°soqqr ‘rour ‘-dd Lz + 1A uotjernday rewaay] °g
‘29 AON ‘3rodar Teurd °SNOLLIANOD TVWHIHL sajey Jeamg °f
XdOod ANV WHV ILvdvdsId HIANN SISSO jeal ¢

HALVM WYV “1€1-29-4dL-TUNV "ON .Hmu (vewny)
o1y ‘dJ Vv uositaled-ydrap ‘sariojero $83J3g Tewadyy g
yoIeasay [eoIpoN 2oedsoray YioLs A3oro1sdYyg 1

PR ‘UOTSTALJ TENPO 2oedsold
s _ QAIJISSV'IONN

~

- — - — — $ - - — —

e

-’ ! QdIdISSVIONN
- e e e e — — D e
camedo - | QAIAISSVIONN
o/ ® 3q 0} punoj sem ssof 13jem ulay
~- *paTpN)s OSTE SeM WIIE 3y} Jo Jomod
Burrooo ayy uo SUOTITPUOD dAOqQE DY) JO }09)}9 €9L9
-£poq ay) Jo )sa1 ay) Ueyy aanjeradwa) ryuawucy -(919)€EAV I0EIUOD “INI
-TAUD JUIIIJJIP © 0) 8303[qns Z JO suIIe }J3T Y} u_: A10yex0qe]

sjnsax juasarxd ay) uo Supe
TEUOTIOWd pue UOTEZIIBWOdE 303{qNs JO 8309
ay} dUTUII3}ap 03 J3PJIO U UoTjEjudw LIadxd Jayjan
JI0} paau ay) Jo yxoddns ut paIajjo 1 aJUIWP
‘os1y *arqerad jou sem dyysuonerax rexauald
PaNQIYXa axam saanjeraduwra) ITe TEJUSWTUOITA!
wixe Y31y J0Js3jed yeams Y3y A[rensnun 3
83sed ayj ut y3noyy ‘arnyeradura) JUaWUOIIA
Apoqstenba aanjeiaduwra) JUIWIUOITAUD HLIE UM’
INJD0 0) SPUI} SSOY 183y WJIE WNUTXEPY *JUd
-UOJTAUD 8,£poq 3y} Jo axnjeradwa) ay) jo uony
eSe[[aM Se ‘JUIWUOITAUI 8, W
\ a9y} Jo aanjexadwa) ay3 Jo UOIUN

. \ —
~ -

’ \
\ /

~ -

£3q 0} pUnOj SeM SSOT 13jeA EL
*patpn}s OSTE SeM WIE Y]} JO uo!l
Bur[ooo ayj uo SUOYITPUCI IA0QE 3Y) JO 103))8
*£poq ay) Jo 3534 3y} Uey) daanyeradwa) TeIud
-1AUD JUIIIINIP B0} 8303((ns Z JO SWaE 1} Y}
-3103(qns 4q pajednsaaut azam Suryeoas Jo 1OIIUO
Texaydrrad pue [e00] JO SUOTINATIIUOCD AL 2.—._

jxodax parpsseroun
*sjox [ ‘snqyy cTour ‘-dd AZ + L
‘29 AON ‘yxodax reutd °‘SNOILIANOD Acsmﬁu..u
Agod ANV WUV JLVUVdSId HAANN S
HILVM WUV “1€1-29-HAL-TYNV °‘ON
‘o1yp ‘g4 Vv uosiayed-ydram ‘sarrores
YOIeasay [eOIPIW 2oedsoray YIOLS
= ‘uoTSIAY] TEOIPI 2oudsox

-




